SUMMARY Background
Vitamin D has been linked to disease activity among patients with inflammatory bowel diseases (IBD). Prior investigation has also suggested that vitamin D levels may affect duration of therapy with anti-tumour necrosis factor-a (anti-TNF-a) medications among patients with IBD.
Aim
To evaluate the relationship between vitamin D levels and odds of reaching remission while on an anti-TNF-a medication.
Methods
A total of 521 IBD patients enrolled in the Brigham and Women's IBD Centre database were eligible for inclusion. Patients treated with anti-TNF-a therapy who had vitamin D levels drawn within 6 months prior or 2 weeks after initiation of anti-TNF-a medication and who had reported remission status at 3 months were included. A logistic regression model adjusting for age, gender, IBD diagnosis, anti-TNF-a medication (infliximab vs. adalimumab) and first or subsequent anti-TNF-a medication was used to identify the effect of vitamin D level on initial response to anti-TNF-a therapy.
Results
A total of 173 patients were included in the final analysis. On logistic regression, patients with normal vitamin D levels n = 122 at the time of anti-TNFa medication initiation had a 2.64 increased odds of remission at 3 months compared to patients with low vitamin D levels n = 51 when controlling for age, gender, diagnosis, type of anti-TNF-a medication and first or subsequent anti-TNF-a medication (OR = 2.64, 95% CI = 1.31-5.32, P = 0.0067).
Conclusions
These findings suggest that vitamin D levels may influence initial response to anti-TNF-a medication and that low vitamin D levels may pre-dispose patients to decreased odds of remission.
INTRODUCTION
Vitamin D has been suggested to play a role in the pathogenesis of inflammatory bowel diseases (IBD) and other immune-mediated diseases. 1 How vitamin D levels may impact response to other therapies has been minimally explored. It has been previously shown that vitamin D deficient patients with IBD on anti-TNF-a therapy had earlier cessation of anti-TNF-a therapy compared to those with normal vitamin D levels. 12 We performed a retrospective study to determine whether vitamin D levels were associated with achieving remission among patients with IBD who received anti-TNF-a therapy.
METHODS
Data source and study population Patients were identified through the Brigham and Women's Hospital Crohn's and Colitis Centre database, an electronic database including patient data from the years 1998-2015. Vitamin D levels from all dates were requested for all patients entered in the database. Vitamin D levels included results not only from the laboratories at Brigham and Women's and its partner institutions, but also from outside laboratories.
There were 521 patients in the database and 384 patients enrolled in the Brigham and Women's Inflammatory Bowel Disease database who received anti-TNF-a therapy. All of the patients in the database were at least 18 years old. All patients with a diagnosis of IBD (including Crohn's disease, ulcerative colitis and indeterminate colitis) who were enrolled in the patient database at the Brigham and Women's IBD Centre were initially eligible for inclusion. Two hundred and three patients that were treated with anti-TNF-a therapy who also had vitamin D levels drawn within 6 months prior or 2 weeks after initiation of anti-TNF-a medication were included in this single-centre, retrospective cohort study. Patients starting on anti-TNF-a medication for the first time and also those starting a second or third anti-TNFa medication were included. The main predictor was vitamin D level, defined as low (below the normal range for the vitamin D lab assay) or normal. This approach using dichotomised levels of vitamin D was utilised because a number of different vitamin D assays with varying scales were included in the database. Due to the limitations of outside lab assays, we were unable to classify vitamin D levels as normal, insufficient and deficient.
Variables and outcomes
For all study patients, age, gender, subtype of IBD diagnosis, vitamin D level (as low or normal), type of anti-TNF-a medication, first, second or third anti-TNF medication, treatment with combination or monotherapy, C-reactive protein (CRP), smoking status and Montreal classification were recorded. All patients included in this study were prescribed either infliximab or adalimumab. Combination therapy was defined as anti-TNF-a therapy and an immunomodulator. IBD diagnosis was classified as Crohn's disease or ulcerative colitis. There were only five patients who were prescribed a third anti-TNF, and thus, patients were noted to have prior exposure, defined by starting a second or third anti-TNF medication, or no prior exposure if the anti-TNF was the first medication in this class ever prescribed. C-reactive protein values were dichotimised to reflect flare, defined by elevated CRP, or no flare, defined by CRP within the normal range. Because vitamin D results included levels from laboratory assays with different reference ranges, vitamin D level was classified as low or normal based on the reference lab's normal range. The lower cut-off for normal vitamin D levels ranged from 9 to 33 ng/mL depending on the assay. Dates of plasma 25(OH) vitamin D levels and dates of initiation of anti-TNF-a therapy were recorded.
Our primary outcome was remission at 3 months after initiation of anti-TNF-a therapy. Remission was assessed by categorisation of the clinical evaluation recorded by the treating physician in the medical record and was based on the physician's assessment of the patient's status using a patient's reported symptoms and review of the medical chart. Response at 3 months was recorded as remission, incomplete response, no response, allergic reaction or unknown. All patients with incomplete response or no response were considered not to be in remission.
Statistical analysis
All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).
All variables were individually compared to the outcome of remission using chi-square or Fisher's exact test. Regardless of significance, the variables vitamin D status (defined as low vs. normal), age, gender, IBD diagnosis and anti-TNF-a medication were included in the regression model. Any variable that was significant on univariate analysis was also included in the final regression model. A logistic regression model adjusting for age, gender, IBD diagnosis, anti-TNF-a medication (infliximab vs. adalimumab) and prior anti-TNF exposure was used to identify the effect of vitamin D level on initial response to anti-TNF-a therapy. A P <0.05 in the final regression model was considered statistically significant.
RESULTS
We reviewed vitamin D levels of 384 patients who were treated with anti-TNF-a therapy in our electronic medical record. Patients were excluded if they had an adverse reaction or unknown response to anti-TNF-a medication, or if they had vitamin D levels drawn outside the window of 6 months prior or 2 weeks after initial dose of anti-TNF-a medication. Two hundred and three patients met these criteria. Sixty-three patients (31%) had a low vitamin D level and 140 patients (69%) had normal vitamin D levels. Among the patients with low vitamin D, 42 (67%) had Crohn's disease and among patients with normal vitamin D, 95 (68%) had Crohn's Disease. There were no statistically significant differences between the groups who had low vs. normal vitamin D levels (Table 1) .
For 30 patients, remission status was unknown and therefore 173 patients were included in the final univariable and multivariable analyses. In the univariable analyses, we did not observe any significant associations between age, gender, subclass of IBD, type of anti-TNF-a medication, administration of combo-or monotherapy, smoking status, elevated CRP or Montreal classification and the odds of remission; however, there was a significant association between vitamin D status and remission and between prior anti-TNF exposure and remission ( Table 2) .
On logistic regression, we observed a significant association with remission after 3 months of anti-TNF-a therapy and normal vitamin D levels (OR = 2.64, 95% CI = 1.31-5.32, P = 0.0067) ( Table 3) . Age, gender, diagnosis, type of anti-TNF-a medication and prior anti-TNF exposure were not independently associated with remission status after 3 months of anti-TNF-a therapy.
DISCUSSION
In this single-centre, retrospective study, we found a significant association between vitamin D status and remission of IBD with anti-TNF-a medication.
These results show a significant association between vitamin D levels and rates of remission among patients with IBD. Specifically, patients who had low vitamin D levels prior to treatment had decreased odds of being in remission after 3 months of treatment with anti-TNF-a therapy. This observation may be supported by prior evidence suggesting associations between vitamin D levels and disease severity as well as complications of IBD. In addition, murine studies have shown that vitamin D is associated with decreased severity of colitis, 13 Vitamin D can be acquired either by endogenous production or through consumption of foods containing vitamin D. Vitamin D is produced when the skin comes in contact with ultraviolet light, and can also be found in egg yolks, as well as certain seafood and dairy products. 6 Some foods such as orange juice may be supplemented with Vitamin D which is absorbed in the small intestine. 9 The vitamin D that is produced or absorbed is metabolised in the liver to produce 25-hydroxyvitamin D (25-OH vitamin D), which is activated by the kidney to form 1,25 dihydroxyvitamin D. The primary circulating form of vitamin D is 25-OH vitamin D, which is often measured clinically to determine vitamin D sufficiency. 2 The pathophysiology of how vitamin D may affect clinical response is not entirely clear. Prior studies have suggested that vitamin D is associated with innate immune function. 1 Vitamin D has been reported to affect multiple cells involved in the immune process, including monocytes, dendritic cells, B and T cells. 16 Vitamin D inhibits B and T cell proliferation, affects T cell maturation and is involved in the induction of T regulatory cells, which may result in increased production of anti-inflammatory cytokines and decreased production of inflammatory cytokines. 16, 17 Whether vitamin D deficiency is a marker of severity of disease, which itself may affect rates of remission, or whether vitamin D interacts with the immune system and therefore affects severity of inflammation and remission rates is unknown. The mechanism by which vitamin D is thought to affect disease severity is via the TNF pathway. This study has several limitations. First, this was a single-centre undersized study that was in part limited because it was conducted at a tertiary care centre. Larger multicentre studies would be preferable. Many patients were excluded because anti-TNF-a treatment was initiated prior to referral and exact start dates of therapy were unknown. A prospective trial monitoring vitamin D levels prior to initiating therapy would enable us to better study the association of vitamin D deficiency and response to anti-TNF-a therapy. Second, response to medication was determined at 3 months after initiation of therapy. Long-term maintenance of therapy is also of interest. Effect of vitamin D level on long-term response to anti-TNF-a therapy is of interest, but was not feasible with the available data. Third, our patient populations were dichotomised as low vitamin D or normal vitamin D. Because patients were referred from many medical practices, vitamin D levels were measured in laboratories with many different vitamin D assays. We were not able to categorise vitamin D levels as normal, insufficient or deficient, as assays from many laboratories were included, and they did not all provide classification of vitamin D levels. We recommend future studies using vitamin D as a continuous variable to further characterise the relationship between levels and response. In addition, only 203 of our patients had vitamin D levels measured, and fewer had levels at the time of initiation of anti-TNF-a therapy. Some patients did not have vitamin D levels drawn at initiation of the anti-TNF agent because at the time they started the medication, routine assessment of vitamin D status was not standard practice. It is possible that physicians were more likely to check vitamin D levels in patients with more active disease. Last, we were not able to account for vitamin D supplementation, as many of our patients are advised to take over the counter vitamin D and this information was not available in the database. However, even with supplementation, improvement in vitamin D levels may not be seen for a number of months, and likely did not affect short-term outcomes.
In conclusion, these findings suggest that vitamin D levels are associated with initial response to anti-TNF-a medication and that low vitamin D levels may pre-dispose patients to decreased odds of remission, though no causal association has yet been shown. As anti-TNF-a medications are commonly prescribed to patients with IBD, further clarifying the role of vitamin D and its association with response to anti-TNF-a therapy is recommended and larger cohort trials are warranted.
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